Abstract: Often physiological studiess using mice from one vendor show different outcome when being 16 reproduced using mice from another vendor. These divergent phenotypes between similar mouse strains 17 from different vendors have been assigned to differences in the gut microbiome. During recent years, 18 evidence has mounted that the gut viral community plays a key role in shaping the gut microbiome and may 19 thus also influence mouse phenotype. However, to date inter-vendor variation in the murine gut virome has 20 not been studied. Using a metavirome approach, combined with 16S rRNA gene sequencing, we here 21 compare the composition of the viral and bacterial gut community of C57BL/6N mice from three different 22 vendors exposed to either a chow-based low-fat diet or high-fat diet. Interestingly, both the bacterial and the 23 viral component of the gut community differed significantly between vendors. The different diets also 24 strongly influenced both the viral and bacterial gut community, but surprisingly the effect of vendor 25 exceeded the effect of diet. In conclusion, the vendor effect is substantial on not only the gut bacterial 26 community, but also strongly influences viral community composition. Given the effect of GM on mice 27 phenotype this is essential to consider, for increasing reproducibility of mouse studies. 28 29
Introduction 32
During the last decade the gut microbiome (GM) and its role in host health and disease has emerged as 33 a rapidly expanding area of research [1, 2] . Most GM studies focus on the bacterial gut component, whereas 34 the archaeal, yeast, fungal, and viral (virome) components of the GM have been more sparsely investigated 35 [3, 4] . However, recently gut virome dysbiosis have been associated with flares of Crohn's disease and 36 ulcerative colitis [5] , Clostridium difficile associated diarrhoea [6] and type-2-diabetes [7] highlighting the 37 importance of the virome in health and disease. The gut virome is predominated by prokaryotic viruses [8] , 38 also called bacteriophages (phages) which are viruses attacking bacteria in a host-specific manner. Phages 39 are thought to play an important role in shaping the bacterial GM component [3, 9, 10] , and is estimated to 40 exist at least in the ratio of 1:1 to bacteria in the gut [11] . Interestingly, it has been shown that the bacterial 41 and virome component of the GM respond to perturbations caused by a diet intervention in a 42 desynchronized manner highlighting the potentially unique role of the virome in gut health [3] . Inbred mice 43 strains and controlled environments are often applied to minimise inter-individual variation. However, it 44 has recently been questioned whether inbred mice really have a lower inter-individual variation compared 45 to outbred mice [12] , and traits previously thought to be caused by genetics have been shown to be related to 46 the GM composition [13] . Several studies have shown that the bacterial component of the GM differs 47 between the same mice strains obtained from different vendors [14] , which directly influences the mice 48 phenotype (e.g. disease expression) [15] [16] [17] . As an example, segmented filamentous bacteria (SFB) induces a 49 robust T-helper cell type 17 (Th17) population in the small intestine of the mouse gut, but are only present in 50 mice from some vendors [18] . Subsequently, Kriegel et al. demonstrated that SFB promotes protection 51 against type-1-diabetes in Non-Obese Diabetic (NOD) mice [19] . Prolonged feeding with a high-fat (HF) diet 52 is the standard protocol for inducing an obese phenotype in mice. It is well-established, that the HF diet also 53 changes the bacterial component of the GM [20] and that GM composition is strongly correlated to the 54 primary readouts of this model [21] . According to Howe et al. [3] also the viral community is affected by a 55 HF diet. Here we report how both the choice of vendor and diet will affect the bacterial and the viral 56 composition in C57BL/6N mice purchased from three different vendors. To our knowledge, no studies have 57 yet simultaneously examined vendor and diet-dependent effects on both the bacterial and viral GM 58 composition in mice. 59
Materials and Methods 60

Animals, diets and tissue/faecal sampling 61
All procedures regarding handling of the animals were carried out in accordance with the Directive 62 2010/63/EU and the Danish Animal Experimentation Act with the licence ID: 2012-15-2934-00256. The 63 present study included in total 54 C57BL/6N male mice purchased at age 5 weeks from three vendors, 64
represented by 18 C57BL/6NTac mice (Taconic, Denmark), 18 C57BL/6NRj mice (Janvier, France), and 18 65 C57BL/6NCrl mice (Charles River, Germany). Six mice from each vendor were sacrificed and sampled 66 immediately after the arrival to assess the gut microbiome at baseline. The remaining 12 mice from each 67 vendor were upon arrival housed at ambient temperature (20-24°C), 12h light/dark cycle, with a humidity at 68 approx. 55%, shielded from ultrasounds >20kHz. The mice were divided into cages of 3 mice and randomly 69 organised. Cages (Cat. no. 80-1290D001, Scanbur) were enriched with bedding, cardboard housing, tunnel, 70 nesting material, felt pad, and biting stem (respectively Cat. no. 30983, 31000, 31003, 31008, 31007, 30968 71 Brogaarden). One C57BL/6NTac mouse on HF diet was killed by a mouse in the same cage, and the two 72 remaining mice were divided in individual cages. Animal housing was carried out at Section of 73 Experimental Animal Models, University of Copenhagen, Denmark. For 13 weeks the mice were fed ad 74 libitum high-fat diet (HF, Research Diets D12492, USA) or low-fat diet (LF, Research Diets D12450J, USA), see 75 Figure 1 . All mice were sacrificed by cervical dislocation and immediately added to an anaerobic jar (Cat. 76 No. HP0011A, Thermo Scientific, USA) containing an anaerobic sachet (Cat. No. AN0035A AnaeroGen™, 77 Thermo Scientific, USA) to maximize survival of obligate anaerobic bacteria and was thereafter transferred 78 to an anaerobic chamber (Model AALC, Coy Laboratory Products, USA) for sampling. The atmospheric 79 conditions in the chamber was ~1.5%H2, ~5% CO2, ~93.5% N2, and O2 < 20 ppm. Faecal content from the mice 80 cecum and colon was sampled and suspended in 800 µL autoclaved 1xPBS (NaCl 137mM, KCl 2.7 mM, 81 Na2HPO4 10 mM, KH2PO4 1.8mM). All samples were immediately stored at -80°C. Table S1 for further details. The raw NextSeq generated dataset containing pair-ended reads, with 104 corresponding quality scores, were merged and trimmed using fastq_mergepairs and fastq_filter scripts 105 implemented in the UPARSE pipeline [23] . The minimum overlap length of trimmed reads was set to 100 bp. 106
The minimum length of merged reads was 130 bp. The max expected error E = 2.0, and first truncating 107 position with quality score N ≤ 4. Purging the dataset from chimeric reads and constructing de novo zero-108 radius Operational Taxonomic Units (zOTUs) were conducted using the UNOISE pipeline [24] . with a minimum size of 50 nt were retained for viromes reconstructions and downstream analyses. As 158 quality control the presence of non-viral DNA was quantified using 50,000 random forward-reads from 159 each sample, which were queried against the human genome, as well as all the bacterial and viral genomes 160 hosted at NCBI using Kraken2 [33] . Similarly, reads were blasted against the non-redundant protein 161 database available at UniProtKB/Swiss-Prot (-evalue 1e-3, -query_cov 0.6, -id 0.7), the ribosomal 16S rRNA 162 (GreenGenes v13. 
Results 207
Male C57BL/6N mice (n = 54) were purchased from Taconic (TAC), Charles River (CR), and Janvier 208 (JAN). One third of the mice were sacrificed at arrival, while the remaining were fed either a low-fat (LF) 209 diet or a high-fat (HF) diet for 13 weeks until endpoint. Cecum and colon content were sampled from each 210 individual mouse after being sacrificed. Here only results describing cecum samples will be reported. 211
Complete equivalent analysis of colon samples can be found in Figure S6 -S9. The bacterial density in cecum 212 samples was determined by qPCR to an average of 1.52 x 10 10 -3.79 x 10 10 16S rRNA gene copies/g. A t-test 213 showed a significant lower count of 16S rRNA gene copies/g when comparing HF vs. LF (p = 0.0017) and HF 214 vs. baseline (p = 0.0008), and a significant difference (p < 0.0106) between the three vendors on LF diet, see 215 Figure S1 . Vendor strongly influenced both gut bacterial and viral composition (Figure 3) . Also diet had a significant 234 effect, though not as pronounced as the vendor effect (as illustrated by the lower R-values, Figure 3c ). The 235 viral and bacterial community of all vendors and diets at endpoint were pairwise significantly (p < 0.007) 236 separated (R > 0.652), see Table S3 . The β-diversity of both the bacterial and viral baseline community was 237 likewise mutually different (p ≤ 0.006). Similar results were observed for the colon microbiota ( Figure S7 ) , 238 and regardless of the β-diversity metric applied for the analysis, see Figure S3 . The bacterial and viral 239 composition developed in similar directions from the baseline to the endpoint, however the unique 240 composition which originated from the vendor, maintained the separation. 241 242 Table   284 showing the sum of the relative abundance of shared b-and vOTU's from baseline to endpoint. BC = Bacterial 285 community, VC = viral community. 
Discussion 287
Here we investigate the impact of vendor and diet (high fat vs. low fat) on the bacterial and viral 288 community of C57BL/6N (B6) mice purchased from Taconic (TAC), Charles River (CR), and Janvier (JAN). 289
Overall, we observed that the bacterial and viral community was diet-dependent, which is consistent with 290 former studies [20, 50] . The bacterial and viral composition were affected by both vendor and diet, but 291 surprisingly, the effect of vendor clearly exceeded the effect of the diet. Mice from all three vendors followed 292 the same developmental direction in composition from baseline until the endpoint (total 13 weeks). Also, 293 there was a significant vendor effect on the bacterial and viral α-diversity, while the diet had no effect on the 294 bacterial α-diversity. vOTU's belonging to the family Microviridae constituted minimum 60% of the relative 295 viral abundance, whereas the order of Caudovirales and unclassified viruses represented the rest. Only 10 vOTU's constituted the majority (65-93%) of the total relative abundance, Figure S11 . The relative 302 abundance of the vOTU's shared between the vendors clearly increased after being housed under the same 303 conditions and diets, when compared to the shared vOTU's at baseline, Figure 5c . Thus, variation in the handling at the vendor housing facilities might explain the difference in the GM 322 profiles despite the mice were the same B6 strain. So, there are good reasons to assume that mice models 323 based on mice from each of the three vendors at least in some cases will show phenotypic differences as well. 324
In conclusion, to the best of our knowledge, this is the first study highlighting significant differences in the 325 gut viral community of C57BL/6N mice from different vendors. It shows that vendor has pronounced effect 326 on not only the gut bacterial community, but also the gut virome, which has profound implications for 327 future studies on the impact of the gut virome on GM interactions and host health. 
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